unit. In this research, indirect energy band gap showed an increasing trend while refractive index values decreases as amount of La NPs increases due to the decrement of high polarizability nonbridging oxygen number in the glass system. Other optical parameter that also take part in governing the value of refractive index such as electronic polarizability was also determined.
Introduction
In the quantum refined region, nanoparticles exhibits large optical nonlinearities that was essential in application such as optical limiting and optical switching devices [1] .Thus, many researchers had been doping glasses with nanoparticles especially silver and gold nanoparticles in pursuance of synthesizing glasses with better linear and nonlinear optical properties. Recently, tellurite based glasses that has good compatibility with rare earth ions were doped with rare-earth nanoparticles in order to study the effect of nano-sized particles on optical behaviour of a material [2] . According to previous researches done by Azlan et al. and Hajer et al. by using erbium and samarium nanoparticles, the glasses fabricated indicate some improvement in optical properties as amount of rare-earth nanoparticles in the glass system increases [3, 4] . In this research, lanthanum nanoparticles (La NPs) was chosen to be doped into the zinc borotellurite glass system because lanthanum was one of the lanthanide ions that have an electronic structure of [Xe] 4f n 5s 2 5p 6 (n=0-14), where 4f electrons are known to have a dominant influence on the optical properties [5] . The aim of this research was to determine the effect of lanthanum nanoparticles on structural as well as optical properties of zinc borotellurite glass system by characterizing the fabricated samples via FTIR and UV-Vis.
Experimental Procedure
Zinc borotellurite glass doped with La NPs was fabricated through conventional melt quenching technique by using reagent grade tellurium dioxide, TeO 2 (99.99%, Alfa Aesar), boron oxide, B 2 O 3 (98.5%, Alfa Aesar), zinc oxide, ZnO (99.99%, Alfa Aesar) and lanthanum oxide nanoparticles, La NPs (99.99%, Nanostructured & Amorphous Materials, Inc.) as the starting materials. All the powder form chemicals were weighted by a digital weighing machine with an accuracy of ±0.0001g. The weighted chemicals was stirred in an alumina crucible by using glass rod and transfered to an electrical furnace for one hour at 400 o C to undergo pre-heating process.The preheated chemicals was sent to melting procedure in another electrical furnace at 900 o C for a period of two hours to ensure complete reactions between the chemicals. Next, the molten chemical was quenched into a preheated stainless steel mould and transferred into the first furnace for annealing process at 400 o C for one hour. After one hour, the furnace was switched off and the sample was left overnight in the furnace to be cooled to room temperature. The fabricated bulk samples were then polished both side to a thickness approximate to 2 mm before being characterized by Shimadzu UV-Vis Spectrophotometer with wavelength ranging from 220 to 800 nm to determine the optical properties. In order to characterize the structural properties of the samples, the bulk samples were crushed and grinded in order to obtain powder form samples. In the interest of distinguishing the functional groups presence in the glass system, the powder form samples were sent to FTIR Spectroscopy through Perkin Elmer Spectrum 100 FTIR Spectrometer.
Result and Discussion

Fourier Transform Infra-Red Spectroscopy (FTIR)
FTIR spectroscopy that were proven to be sensitive on detecting local symmetry of chemical bonds [6] were used in order to discover the existence of various functional group in the samples. The board absorption bands observed in the FTIR spectra proved the amorphous nature of the prepared samples [7] . The broad absorption band that lies between the ranges 638 to 644 cm -1 was due to symmetrical stretching vibrational modes of Te-O bond in trigonal bipyramid (TeO 4 ) group [8] . Absorption band observed in the range of 1220 to 1230 cm -1 indicate the presence of B-O stretching unit in BO 3 unit from pyro and ortho borate groups [6] . Meanwhile, broad absorption band at 1230 to 1236 cm -1 was associated to the stretching vibration of polymerized BO 3 group from B-O bond respectively [9] . Last but not least, a small absorption band that lies in between 993 to 996 cm -1 was assigned to B-O bond stretching of the tetrahedral BO 4 units [10] . The presence of BO 4 units in 0.04 and 0.05 molar fraction of La NPs suggested that the nonbridging oxygen (NBO) number in the glass system increases as content of La NPs rises.
Optical Absorption
The optical transitions and electronic band structure of a material can be investigated by studying the absorption edge of the material in the UV-region [11] . The absorption spectra of the glass is depicted in Fig.2 . The fundamental absorption edge that are not sharply defined had validated the glassy nature of the fabricated samples [12] . From Fig. 2 , the fundamental absorption edge recorded shift towards shorter wavelength as concentration of La NPs increases. The shifting of absorption band might be related to changes of oxygen bonding in the glass network, for instance, the formation of bridging oxygen and nonbridging oxygen that will alter the characteristics absorption edge [13] .
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Indirect Energy Band Gap
The optical absorption in amorphous materials were reported to be related with the indirect transition where the indirect transition must obey Tauc plot for determination of indirect energy band gap, E opt [14] . Relationship between absorption coefficients with photon energy has been proposed by Mott and Davis to calculate indirect transition occurred in the band gap.
where B is a constant, α(w) stands for absorption coefficient and ћw represent the photon energy. By intercepting the extrapolating linear portion of the curve with the linear x-axis which represents the photon energy in Tauc plot, indirect energy band gap can be acquired [15] . Fig. 3 illustrated the Tauc plot for indirect transition while the values of E opt are tabulated in Table 1 . The incorporation of La NPs that make it harder for electron to move within the glass matrix contributed to the increment of E opt [16] . Structural change that occurred in the glass network at 0.03 molar fraction might had led to a sudden decrement in indirect energy band gap value [17] . 
Refractive Index and Electronic Polarizability
The theoretically calculated refractive index and electronic polarizability values are plotted in Fig. 4 where the values calculated ranges from 2.34 to 2.48 and 8.22 to 8.39 Å respectively. The equations used to calculate the refractive index, n and electronic polarizability, α m are as below: 
where N A stands for the Avogadro's number and R m is the molar refraction of the samples [7, 10] . Both refractive index and electrical polarizability have the same general decreasing trend as La NPs content in the glass system increases due to higher amount of BO that has a low tendency to polarize than amount of NBO that have higher tendency to polarize [3] . Nevertheless, structural change that occurred in the glass system might lead to the significant increase in NBO for the sample with 0.03 molar fraction of La NPs. Fig. 4 . Refractive index and electronic polarizability of zinc borotellurite glass system.
Conclusion
The doping of La NPs unveiled a strong impact on the optical properties of borotellurite glass. The absence of sharp edges in optical absorption spectra elucidated that all the fabricated samples were in glassy state and amorphous in nature. The fabricated samples have a general high value of energy band gap as well as low values of refractive index and electronic polarizability due to increasing number of BO and decreasing number of NBO in the glass network.
